Objectives-The objective of the study was to evaluate the correlation between endometrioma-associated pain and lesion vascularization as measured with 3-dimensional power Doppler transvaginal sonography.
T he association between painful symptoms and endometriosis is widely accepted. 1 However, the precise mechanisms by which endometriosis causes pain are not completely understood. Previous studies suggested that some specific characteristics of endometriotic lesions are more implicated in the genesis of pain than disease extension per se. 1 Furthermore, endometriosis is accidentally diagnosed in 2% to 50% of cases during laparoscopy in asymptomatic women. 2 The mechanisms proposed in the pathogenesis of painful symptoms are various: production of cytokines and growth factors by activated macrophages and other inflammatory cells; effects of active bleeding lesions; irritation or direct invasion of the pelvic nerves, especially in the pouch of Douglas; formation of adhesions and activation of fibrotic processes; and psychological influences. [3] [4] [5] Angiogenesis may play an important role in the pathogenesis of endometriosis and associated symptoms. Similar to tumor metastases, endometriotic implants require neovascularization to proliferate, invade the extracellular matrix, and establish an endometriotic lesion. Actually, several studies have reported an increase in vascular endothelial growth factor A (VEGF-A) levels in endometriosis, and it has been suggested that VEGF plays an important role in the progression of the disease. 6, 7 Sonography is commonly used as a diagnostic imaging tool in women with suspected endometriosis. In women with ovarian endometriosis, Alc azar and Garc ıa-Manero 8 evaluated the correlation between pelvic pain and lesion vascularization on 2-dimensional power Doppler transvaginal sonography and immunohistochemical analysis. They observed that more vascularized lesions were associated with a higher severity of pelvic pain. On the other hand, Seckin et al 9 did not confirm this relationship.
To the best of our knowledge, there are no published studies on associations between painful symptoms and vascularization indices as measured by 3-dimensional (3D) power Doppler sonography in women with ovarian endometriomas. This prospective study aimed to evaluate the correlation between painful symptoms associated with ovarian endometriomas and lesion vascularization measured by 3D power Doppler sonography.
Materials and Methods
This work was a single-center prospective study. Women were enrolled at the Outpatient Ultrasound Service, Department of Clinical and Experimental Biomedical Sciences, University of Florence. Approval for the study was obtained by the local Institutional Review Board, as a part of a larger prospective cohort study (protocol number 2012/0034487; date of approval, November 10, 2012). Participants gave written informed consent before undertaking any assessment.
All patients who had an adnexal cyst with the classic appearance of an endometrioma (persistent round homogeneous hypoechoic "tissue" with low-level echoes within the ovary) on 2-dimensional transvaginal sonography were consecutively enrolled for this study. All women had regular menstrual periods (25-to 35-day intervals) for 3 months or longer before entering the study.
The exclusion criteria were history of ovarian surgery, coexistence of ovarian cysts other than endometriomas, presence of bilateral endometriomas, coexistence of deep endometriosis, hormonal therapy for 3 months or longer before the study, long-acting progestins or gonadotropin-releasing hormone analogue therapy in the preceding 9 months, and breastfeeding or pregnancy during the 3 months preceding the study.
All women were asked about dysmenorrhea, chronic pelvic pain, or dyspareunia. The time of their first appearance and the intensity of pain symptoms after laparoscopy were also documented.
Chronic pelvic pain was defined as noncyclic pelvic pain of at least 3 months' duration or cyclic pain of 6 months' duration, which interfered with one's normal daily living activities. 10, 11 Pain severity was scored on a visual analog scale (VAS) from 0 (minimum pain) to 10 (maximum pain) points. The duration of pain was expressed in years.
Sonography was performed by 2 experienced operators (M.E.C. and F.R.) with a single ultrasound system (Voluson E8; GE Healthcare, Milwaukee, WI) using a transvaginal transducer (5-7.5 MHz, RIC 6-12-D). During the examination, the uterus, adnexal fields, and pelvic compartment (anterior, posterior, and rectovaginal) were analyzed. Endometriotic lesions were described according to the 2010 International Ovarian Tumor Analysis Group criteria. 12 The sonographically based diagnosis of ovarian endometriomas involved the visualization of persistent round homogeneous tissue with homogeneously dispersed echogenic cystic contents ("ground glass" appearance). 12, 13 To describe the lesion vascularization, power Doppler and spectral Doppler modes were used. All endometriomas were examined with 3D power Doppler sonography. The 3D acquisition of the lesion was first performed, asking women to hold their breath for about 20 seconds. The resultant multiplanar display was examined to ensure that the area of interest had been captured in its entirety. If the volume measurement was complete without power Doppler artifacts, the data set was stored for later analysis.
Previous studies observed that the vascularization index (VI), flow index (FI), and vascularization-flow index (VFI) are all affected substantially by variations in power Doppler settings.
14 Thus, the 3D power Doppler settings adopted were the same for all women: frequency, 5 MHz; power Doppler gain, 0.8; dynamic range, 20 to 40 dB; edge, 1; persistence, 2; color map, 5; gate, 2; filter, L1; and pulse repetition frequency, 0.6 kHz. 15 All stored volumes were evaluated by the same operator (F.R.). In the Virtual Organ computer-aided analysis software's manual mode, the contours of the endometrioma's wall were drawn on a series of 2-dimensional images. Plane A and a rotation step of 15 8 were chosen. Four indices were obtained: mean grayness, FI, VI, and VFI. These indices were calculated by the histogram facility provided by the Virtual Organ computer-aided analysis program ( Figure 1 ). Mean grayness represents the average greyness in the grey voxels of the acquired volume, and it is indicative of the echogenicity of tissue. It is expressed as a percentage, with a minimum value of 0% (least echogenic, darkest) and a maximum value of 100% (most echogenic, brightest). 16 The FI refers to the mean value of all color-coded voxels in the vessels of the volume analyzed. The value of each color-coded voxel is expressed by the ultrasound instrument in arbitrary units on a scale of 0 to 100. The mean color value in the color voxels represents the average intensity of flow. The VI denotes the ratio of color-coded voxels to all voxels in a given volume of interest. It is expressed as a percentage and gives an estimate of the percentage of the volume filled with detectably moving blood. The VFI is derived from the multiplication of the VI by the FI, and it is indicative of the vascularized volume and average intensity of flow. 17 For statistical analyses, data were recorded in a purpose-built database using SPSS version 18 software (IBM Corporation, Armonk, NY), with subsequent statistical analyses undertaken with the same software. All variables were tested for normal distributions by the Kolmogorov-Smirnov test. Categorical data were summarized as percentages; continuous variables were expressed as their mean, median, standard deviation, or minimum and maximum.
A logistic regression analysis was conducted to assess the association between the presence of pain (dysmenorrhea, pelvic pain, and dyspareunia) and flow indices (mean grayness, VI, FI, and VFI). A univariable linear regression analysis was performed to analyze the relationship between the severity and duration of pain with the same parameters. Vascular indices were treated as independent variables and pain outcome as dependent ones. The VAS was used to measure the patient's level of pain intensity. Statistical significance was set at P < .05.
Results
From March 2012 through December 2012, 29 women with singular monolateral ovarian endometriomas and no sonographic sign of deep endometriosis were selected. The diameters of the endometriomas ranged from 18.5 to 54.5 mm. Table 1 shows the patients' pain characteristics. In Table 2 , the endometrioma characteristics and 3D-derived vascular indices are described.
Mean Grayness and Pain
No correlation was found between mean grayness and painful symptoms, with the exception of mean grayness and the presence of pelvic pain (Tables 3 and 4) . Among 17 women presenting with pelvic pain, mean grayness was 26.6 6 8.8. This value was lower than 
Vascularization Index and Pain
The univariable association between the VI and presence/absence of dysmenorrhea, chronic pelvic pain, and dyspareunia was low ( Table 5 ). The univariable association between the VI and severity of painful symptoms increased for dysmenorrhea. Similarly, the association of the VAS score with chronic pelvic pain and dyspareunia was higher (Table 6 ).
Flow Index and Pain
No correlation was found between the FI and painful symptoms (Tables 7 and 8 ).
Vascularization-Flow Index and Pain
The association of the VFI with dysmenorrhea was higher. Also, the severity of chronic pelvic pain and dyspareunia showed higher associations (Tables 9 and 10 ).
No association was observed for the duration of dysmenorrhea, chronic pelvic pain, or dyspareunia.
Discussion
The presence of ovarian endometriomas is often associated with pelvic pain in women with this disease. Furthermore, angiogenic factors were increased in ovarian endometriomas. 18 Therefore, a correlation between vascularization and the presence of pelvic pain might be assumed. We speculated that ovarian endometriomas in women with pelvic pain would be more vascularized than those in asymptomatic women and, therefore, their 3D power Doppler vascular indices would have been different. In this study, we observed an inverse association between the severity of painful symptoms and endometrioma vascularization as measured by the VI. A lower correlation was found between the VFI and severity of painful symptoms. No correlation was observed when analyzing the FI and painful symptoms. Mean grayness was the only index associated with the presence of pelvic pain.
Only about 20% of the variance in cases of dysmenorrhea severity and 30% in chronic pelvic pain severity could be explained by the models. Thus, the low R 2 values could induce some doubt about the usefulness of the linear regression models. However, in biological measurements, high percentages are almost never achieved, and psychosocial components of pain reporting should be taken into account in this study. Furthermore, in our analysis, the VI was shown to be a statistically significant predictor; thus, we can still draw important conclusions about associated changes in the response value (dysmenorrhea severity and chronic pelvic pain severity).
Few studies have analyzed vascularization in ovarian endometriomas and associated pain. Endometrioma vascularization was analyzed on the basis of sonography, 8, 19 histologic findings, 8 VEGF serum levels, and VEGF cellular expression. 20 However, there is no consensus on a possible association of pain-related endometriosis with endometrioma vascularization.
In 2001, Alc azar 19 studied vascularization of endometriomas by color and power Doppler transvaginal sonography and compared results in asymptomatic and symptomatic women. They concluded that vascular activity in women with pelvic pain was higher than in asymptomatic women.
In a further study, Alc azar and Garc ıa-Manero 8 studied 65 women with cystic ovarian endometriosis by power Doppler transvaginal sonography and immunohistochemical staining for CD34 in histologic specimens to analyze vascularity patterns and microvessel density, respectively. They observed that ovarian endometriomas were more frequently vascularized in women with severe dysmenorrhea, chronic pelvic pain, or dyspareunia than in asymptomatic women or women presenting with mild dysmenorrhea. Moreover, the lowest pulsatility and resistive indices were significantly lower, and microvessel density was significantly higher, in more symptomatic women. 8 The same group 20 prospectively analyzed VEGF serum levels and VEGF cellular expression in 60 women who underwent surgery for cystic ovarian endometriosis. The authors did not find differences between asymptomatic women, women presenting with mild dysmenorrhea, and women with severe dysmenorrhea, chronic pelvic pain, or dyspareunia. 20 In a more recent study, conducted on women who underwent laparoscopic surgery for endometriomas, pelvic pain symptoms were not found to be related to endometrioma vascularization. On the other hand, a relationship between higher vascularized endometriomas, as detected by transvaginal color and power Doppler sonography, before the surgery and the presence of dense pelvic adhesions was observed. 9 Possible reasons for these controversial findings include the lack of an objective evaluation method for endometrioma vascularization.
Three-dimensional power Doppler analysis for the purposes of color flow mapping and characterization of waveforms has been used to evaluate neovascularity of ovarian cysts. A 3D power Doppler examination offers a new and unique possibility for visualizing and quantifying blood flow in adnexal masses. 21 To the best of our knowledge, ours was the first study to analyze the vascularity patterns in ovarian endometrioma by 3D power Doppler sonography.
The vascularization indices on 3D power Doppler sonography have been widely reported in the literature for differentiating benign adnexal masses from those of malignant types. Some authors found a correlation between increases in vascularity indices and the malignancy of the lesions. 15, 22, 23 With regard to endometriosis, mean grayness has been used to differentiate endometriomas from other benign adnexal masses. Also, in this case, there have been discordant results, with Alc azar et al 24 observing an increase in the mean grayness index for endometriomas compared to other benign conditions and Huang et al 25 stating contrary findings. Finally, in a recent study, Guerriero et al 26 used mean grayness to identify the different locations of deeply infiltrating endometriosis based on the different constitutions of the tissue under investigation.
The experience of pain is a very subjective matter, and its pathogenesis comprises many mechanisms and interactions between the peripheral and central nervous systems. 10, 27 These results suggest that in women with monolateral ovarian endometriomas who have never had surgery, the severity of pain does not appear to be associated with the vascularization of the lesions. In active endometriotic lesions, spatiotemporal differences in neovascularization are likely to exist, and new vessel formation is expected to occur in early-stage disease and in cases of recurrence after surgery. 28 Pain might be a secondary effect following the actions of inflammatory cytokines, endometriosis-related adhesion formation, and neuronal irritation. Actually, 2 studies showed that ovarian endometriomas had more intense staining with the neural cell adhesion molecule and nerve growth factor 29, 30 and were associated with a higher amount of mast cells than peritoneal endometriotic lesions. 31 With regard to the finding that mean grayness was the only index associated with the presence of pelvic pain, we speculate that it might reflect a different degree of degradation of internal blood products, recent bleeding, and stages of clotting. Consequently, pelvic pain might be related to cystic contents more than neoangiogenesis.
Undoubtedly, this study had some limitations that must be taken into account, such as the small sample size, the lack of stratification for different categories of women, and the absence of diagnostic laparoscopy to confirm the absence of minimal endometriotic lesions. However, to our knowledge, it represents the first study that correlated 3D power Doppler sonography of endometriomas with symptoms. To overcome some of these limitations, we are collecting further data from other patients.
To conclude, we observed an inverse association between the severity of painful symptoms (dysmenorrhea, chronic pelvic pain, and dyspareunia) and endometrioma vascularization as measured by the 3D power Doppler VI. In women with monolateral ovarian endometriomas, pain might be a secondary effect following the actions of inflammatory cytokines, endometriosisrelated adhesion formation, and neuronal irritation. Further larger studies are required to confirm our findings, and 3D sonography represents an interesting tool for exploring this complex field.
